The aerial parts of Geranium potentillaefoium afforded geraniin (1), corilagin (2), gallic acid (4), methyl gallate (6), methyl brevifolincarboxylate (7), quercetin, quercetin 3-O-β-D-glucopyranoside, quercetin 3-O-β-D-[6"-O-galloyl)glucopyranoside, kaempferol, β-sitosterol 3-O-β-D-glucopyranoside and β-sitosterol, while the aerial parts of G. bellum gave the same compounds in addition to kaempferol 3-O-β-D-glucopyranoside, isolated instead of kaempferol. The substances were identified by 1D and 2D NMR spectroscopy in comparison with published data. The water decoction preparations from air-dried plant materials (2.5 g) contain ca. 4.6 % of the ellagitannin 1, envisaging that when such decoction is ingested (250 mL), a therapeutic dose of ca. 36 mg of the antitumor ellagic acid (3) may be incorporated into the organism.
Ellagitannins, which belong to the hydrolyzable tannin group, are widespread constituents of the vegetable kingdom which occur in foods, beverages, and medicinal plants. They are known to possess a variety of biological activities including antitumor [1, 2] , antioxidant [3] [4] [5] , inhibition of lipid peroxidation [3, 4] , and antimicrobial [6] , as well as antiviral properties, including anti-HIV [7] . Geraniin (1), a crystalline tannin considered to be the main component of Geranium species, is a typical ellagitannin constituted of common acyl units such as galloyl, hexahydroxydiphenoyl, and dehydrohexahydroxydiphenoyl groups. Geraniin (1) , upon hydrolysis in boiling water, gives corilagin (2), ellagic (3), gallic (4) and brevifolincarboxylic (5) acids in addition to glucose, while upon acid hydrolysis it provides 3 and 4 [8] (Figure 1 ). Compounds 1-5 have strong antioxidant activities [2] [3] [4] [5] , ellagic acid (3) is a potent inhibitor of benzo[a]pyrene metabolism [9] , has activity against SUDHL1 and FEPD tumor cells, and is a casein kinase 2 inhibitor [10] , and methyl gallate (6) inhibits the growth of B16 melanoma, L1210 and P388 tumor cells [11] .
Geranium potentillaefolium and G. bellum are perennial herbs found in the grassy meadows bordering pine/oak forests in the mountains of Hidalgo State, Mexico, where they are known under the popular name "pata de león". In recent times, we reported the antioxidant constituents from the aerial parts of G. bellum [12] , and more recently, the selective inactivation of triosephosphate isomerase from Trypanosoma cruzi by brevifolincarboxylate derivatives isolated from the aerial part of this species [13] . Due to the traditional uses of these species in Mexico as a decoction (hot water extract) for the treatment of fever, pain, and gastrointestinal disorders [14] , and to the biological activity associated with geraniin (1) and its hydrolysis derivative ellagic acid (3), we decided to quantify the amount of these compounds present in samples of G. potentillaefolium and G. bellum after being extracted by decoction in the laboratory. This study provides information about the amount of 3 that could be incorporated into the organism considering a complete transformation of 1 into 3. This paper also complements the chemical study of G. bellum and describes for the first time the chemical composition of G. pontentillaefolium. parts and roots of G. potentillaefolium and G. bellum, using either silica gel or Sephadex LH-20, led to the isolation of geraniin (1) [8] , corilagin (2) [15] , gallic acid (4) [16] , methyl gallate (6) [16] , methyl brevifolincarboxylate (7) [13] , quercetin [17] , quercetin [18] , kaempferol [17] , [19] and β-sitosterol. Their identification was supported by spectroscopic analysis, including 1D and 2D NMR spectroscopy, by comparison with published data.
Minor chemical constitution differences were observed between these two plants, mainly regarding the flavonoid metabolites. Thus, kaempferol was found only in G. potentillaefolium while kaempferol 3-O-β-Dglucopyranoside was identified only in G. bellum. On the other hand it is probable that 2, 6, and 7 arise from rupture of geraniin (1) during plant material extraction [8] . However, gallic acid (4) was also isolated from the EtOAc and MeOH extracts, indicating that this metabolite is present as such in these species. Geraniin (1), as reported in other Geranium species, is the main component of aerial parts of these Geranium plants. It was isolated from the MeOH extracts in yields of ca. 14%, while the EtOAc extracts contain ca. 10% of this metabolite. When 1 was subjected to hydrolysis in 5% H 2 SO 4 , ellagic acid (3) [20] and gallic acid (4) were isolated in 80% and 82% yield, respectively, thus confirming the structure of 1.
Samples of air dried, aerial parts (2.5 g) of G. potentillaefolium and G. bellum were extracted with boiling water (250 mL) for 15 min to give brown solutions, which were filtered and analyzed in triplicate by HPLC to measure the geraniin (1) content and that of its derived ellagic acid (3) . Quantifications were carried out by comparison with standard curves obtained using known concentrations of authentic samples of 1 and 3 isolated in this work. These analyses point out that, under these conditions, compound 1 can be extracted from G. potentillaefolium and G. bellum in ca. 4.8% and 4.4 yield (121 mg or 111 mg) with respect to the plant material weight. The samples contain ellagic acid (3) (14 mg, 2%), which is considered to arise from hydrolysis of corilagin (2) . Therefore, partial hydrolysis of 1 took place giving 2 (4.2%), which subsequently afforded ellagic acid (3).
These results allowed us to conclude that the water decoction preparations (250 mL) from air dried plant materials (2.5 g) contain on average 4.6 % (115 mg) of geraniin (1) . They predict that when such a quantity of decoction is ingested by humans, a therapeutic dose of up to 36.5 mg of ellagic acid (3) may be incorporated into the organism. Our results are in agreement with those found for the identification of urinary and intestinal bacterial metabolites of geraniin (1) in rats [21] , where it was also demonstrated that ellagic acid is subsequently metabolized to a key compound, 3,8,9-trihydroxy-6H-dibenzo[b,d]pyran-6-one, which presented antioxidant activity comparable with geraniin (1). This works provides a procedure to obtain these antitumor agents from Geranium species.
Experimental
General: NMR measurements were performed at 400 MHz for 1 H and 100 MHz for 13 
G. bellum n-Hexane extract:
A portion of the extract (1 g) was combined with silica gel (1 g) and chromatographed over silica gel (10 g) using n-hexane, a n-hexane-EtOAc gradient (9:1, 4:1, 7:3, 3:2, 1:1, 2:3, 3:7, 1:4 and 1:9) and EtOAc as eluents. Fractions of 100 mL of each polarity were collected and marked as A-K. TLC and 1 H NMR spectroscopic analysis of these fractions showed the major constituents to be: fractions B and C β-sitosterol (562 mg), and fractions I and J β-sitosterol 3-O-β-D-glucopyranoside (30 mg). Fatty materials were observed in the residual fractions. 
Hydrolysis of geraniin (1):
Ellagitannin 1 (500 mg) in 5% H 2 SO 4 (50 mL) was refluxed for 6 h. The precipitate was removed by filtration and washed with MeOH. Recrystallization from pyridine yielded 3 as yellow needles (254 mg), as evidenced by 1 H and 13 C NMR. The mother liquor was extracted with EtOAc (100 mL), dried over anhydrous Na 2 SO 4 , filtered, evaporated and the residue purified on silica gel. Elution with CHCl 3 -EtOAc (1:1) gave gallic acid (4) (73 mg).
Hot water extract (decoction) of the aerial parts of G. potentillaefolium and G. bellum:
Samples of air dried aerial parts of G. potentillaefolium and G. bellum (2.5 g) were extracted with boiling water (250 mL) for 15 min, filtered to give translucent brown solutions and concentrated under vacuum to provide residues of 700 and 900 mg, respectively. Aliquots of these residues were dissolved in MeOH and analyzed by HPLC in triplicate to quantify geraniin (1) using a standard curve obtained from known methanolic concentrations (0.04, 0.06, 0.08, and 0.10 mg/mL) of a pure sample of 1. These analyses indicated that the extract of G. bellum contains 111 mg of 1, whereas the extract of G. potentillaefolium contains 121 mg of this substance.
